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ABSTRACT

The wind tunnel investigations reported herein are part of an over-all
program that has the ultimate goal of achieving a parachute configuration
capable of providing satiafactory performance at supersonic speedi. This
program has been concerned with the determination of the problems in-
volved and the approaches that should be taken in “uture test programs such
as arc being conducted under Contract No. AF 35(616)-5507 with the Air
Force. The Lewis phase of the program indicated the following major re-
su.ts; violent canopy breatiung or pulsing tendencies and associated reduced
inflation and drag characteristics; shock pattern fluctuations which were
complicated by ‘nteraction effects due to material flexibility; and the failure
of rihbons due to vioient oscillation of the ribbon fabric. In order to estab-
lish the cause of pulsation as evidenced in the ' ewis program, a scaled
rigid model was utilized in the Langley phase so as to eliminate the inter-
action effects of flexibility. Although flexibility effects were eliminated by
the use of a rigid model at Langley, the fluctuations and discontinuities of
the shock patterns were still in eviderce. This condition was attributed not
only to choking of the dlow through the canopy but was also affected by the
interaction of the shock front due to choking and disturbances from the con-
fluence point of the lines. It is indicated from the above that future test
programs should consider canopies having much increased porosity, parti-
cularly in the crown of the canony. The results of this program also indi-
cate that there is a fundamental shape problem which should be considered

in future investigations.

PUBLICATION REVIEW
This report has been reviewed and is approved.

FOR THE COMMANDER:

J AE s~‘_//] .// [\ﬂ')%il‘-m\-
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SECTINN |
INTRODUCTION

Since successful recovery of guided missiles or portions of missiles
18 often necessary and economically advisable, 1tas desirable to investipate
the possibility of recovering such items by the use of parachutes. The use
of parachutes in the supersonic regime has become more complicated, how-
ever, because the state of the art on parachute design as derived from sub-
sonic tests fails to produce satisfactory configurations for supersonic pur-
poses. Thus, the purpose of the present program has beer to investigate
the possibility of obtair.ng a parachute configuration which would be suitable
for supersonic operation. The usc ofa wind tunnel for the establishment of
the basic parameter relationships is a logical first approach.

Supersonic wind tunnels capable of simulating performance require-
ments have been utilized for these investigative purposes. Test programs
in the Unitary Plan Wind Tunnels at the Lewis and Langley Rescarch Cen-
iers of the NASA were conducted using fabric parachutes at Lewis and rigid,
stainless steel models at Langley.

Manuscript released by the author December 1958 for publication as a
WADC Technical Report

WADC TR 58-532 1
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SECTION 11

WIND TUNNEL PROGRAM

A. Eurgose

The over-all purpose of wind tunnel programs in the Unitary Tunnels
at the Lewis and L.angley Research Centers was to achieve the most satis-
factory parachute configuration for operation at supersonic speeds. Such a
configuration would be the one for which flow fluctuations are minimized 7 nd
the parachute is enabled to perform in a fully inflated condition, producing a
steady value of drag force with satisfactory stability. It was realized at this
time that the achievement of a satisfactory configuration could not be accom-
plished within the contractual time limiitation. Consequently, arrangements
were made with cognizant personnel at WADC, so that the test program could
be continued under Contract No. AF 33(616)-5507, which has similar require-
ments relative to high-speed parachute performance. As a result, this re-
port will discuss the Lewis program and only that portion of the wind tunnel
program at Langley which is considered to be relative to the subject contract.

B. Test Facilities

l. The Lewis Research Center Unitary Plan Wind Tunnel

This tunnel, herein referred to as the Lewis wind tunnel, was
utilized for the test program of the nearly full-scale fabric parachutes.
The tunnel is a facility of the NASA Lewis Research Center at Cleve-
land, Ohio. The test section is 10 ft x 10 ft in cross section and is
capable of a Mach number range of from 2.0 to 3.5. It can be oper-
ated throughout the entire Mach number range on either an aerody-
namic cycle at various air densities or on a propulsion cycle. On the
aerodynamic cycle, the tunnel operates as a closed return type tunnel,
and on the propulsion cycle it operates as an open nonreturn type
tunnel.

2. The Langlecy Research Center Unitary Plan Wind Tunnel

The Langley Research Center Unitary Plan Wind Tunnel, which
is referred to hereafter in this report as the Langley wind tunnel or
facility, was utilized as the test medium for the rigid pzrachute model.
The tunnel ie a facility of the NASA, Langley Rescarch Center at
Langley Field, Virginia. It has two test sections, each of which is
4 ft x 4 ft in cross section and approximately 7 feet in length. The low

WADC TR 58-532 %
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range test section (No. 1) has a design Mach number rangs of from
1.5 10 2.9 with varmation in stagnation pressure possible up to a maxi-
mum of approximately 60 paia. The high range test section (No. 2)
has a design Mach number range of from 2.3 1o 5.0, Its maxamum
stagnation pressure s approaimately 150 psia. Each test section will
permit variation of Mach number at any desired increment throughout
1ts range with the tunnel operating.  Both stagnation pressure and

stagnation temperature may be controlled independently.

Test Models and Equipment

l. Fabric Parachute Models (LLewis Test Program)

Two series of fabric parachutes were tested in the wind tunnel
at the Lewis Rescarch Center. The first group of nine parachutes was
utilized for preliminary or exploratory investigative purposes in an
effort to establish criteria upon which designs of final test parachutes
could be based. Pertinent characteristics of these parachutes, and
those used in the final test program at Lew:s, are tabulated in Table 1.
Design details are given in Appendix I.

During the preliminary testing phase, parachutes were attached
to and deployed behind a 19 inch diameter jet eng e inlet upon which
scheduled tests were being conducted. All tests were conducted at a
Mach number of 3.5 and at a density condition equivalent to an altitude
of 70,000 feet. Parachute action during test was recorded photograph-
ically by meanz of Mitchell cameras running at film speeds of 128

frames per second.

Parachutes used in the final test program at Lewis are shown
in Table 1. These parachutes incorporated some of the changcs and/
or improvements which were indicated by the preliminary test pro-
gram. Installation and deployment of the test parachutes in the test
section were accomplished by either of two methods. Most test
paraclutes were installed according to Installation A of Figure |;
however, for two cases, parachutes were deployed behind a simulated
missile body as represented by Installation B in Figure 1.

Most of the test parachutes of this fjnal series were tested at a
Mach number of 3.5. Tests of one particular parachute were also
conducted at Mach numbers of 2.5 and 2.0 so that the effects of Mach
number could be 1nvestigated. All tests were conducted at a constant
dynamic pressure of 315 psf. Tests utilizing the test eetup shown as
Installation B in Figure 1 were conducted with the test parachute
located 6 and 10 missiie diameters respectively behind the simulated
missile body.

WADC TR 58-532 3
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TABLE |

PARACHUTE CHARACTERISTICS AND WIND TUNNEL TEST CONDITIONS
FOR TEST PROGRAM IN UNITARY PLAN WIND TUNNEL AT THE

LEWIS RESEARCH CENTER, CLEVELAND, OHIO

Parachute Characteristics

Test Conditions

Reynolds
No.
Geometric Dynamic | (Based cn
Diameter Porosity Mach | Prcos: re | Parachute
(n (% Total No. of | No. (q) Diam
No Type {Constructed)| Area) Gores | (M) (paf) {x 10 Remarks
Mudels Used for Preliminary Test Program
4469 ( FIST Ribbon 4.25 19.) 8 3.5
270 [ Guide Surface 2.67 10% slots 8 3.5
Riblens
'___472 FIST Ribbon Z 14 26 3 8 3.5
47‘1 FIST Ribbon 4.11 11.0 8 3.5
490 | FIST Ribbon 4.00 Variable 8 3.5
Crown-13.0
) Skirt-23.0 —
492 [ FIST Ribbon 4.14 Variahble 8 3.5
Crown-13.0
Skirt-23.vu
493 | FIST Ribbon 4.14 Variable 8 3.8 Had 1/2 inch rather than |
Crown-13.0 inch wide suspension lirz:
Skirt-23.0
495 | FIST Ribbon 4.30 23.0 16 3.8 1/2 scale version of Type
124 parachute developed in
sled Lest
496 | Gurde Surface 3,25 No siots 16 3.5
-J Riblenn
Models Used in Final Test Program
%13 | FIST Ribbon 3. 66 19.2 24 3.5 315 1.03 Parachute located 6 missile
diametars aftof simulated
missile body
514 | FIST Ribbon 3. 66 19.2 24 3.5 315 1.04 Parachute located 10 missile
diameters aftof simulated
missile body
508 | FIST Ribbon 3. 66 19.2 24 3.5 315 1.08
511 ] FIST Ribbon 3,66 19.2 24 2.5 315 2. 11
512 | FIST Ribbon 3. 66 19.2 24 2.0 318 2.69
s07 FIST Ribbon 3. 66 Variable 16 3.5 3158 1.07
Crown-20.0
Skirt-0
805 | FIST Ribbon 4.00 29. 4 16 3.5 315 1,14
%06 | FIST Ribbon 3 92 5.6 16 3.5 315 1.10
509 [ FIST Ribbon 3.66 10,12 24 3.5 315 1.04
510 | Guide Surface 3.25 20% slots 16 3.5 315 0.92

Riblens

WADC TR 58-532
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Extensive camera S L e ety waa
coverage was provided. I

Oblique side views of all
test parachutes were

achieved by the use of a H F" 1 T smnas v
Mitchell camera running P 3
at a speed of 128 frames —aanon

per second. Schlieren . ) -
film showing the shock T R e e e

i
wave patterns of some of T
the parachutes was ob- et
tained by employment of (rh\‘-
Sy PARACIUTE M | & eted w0
== '

a 1000 frame per second RAE (FTEE
Fastax camera. A third

camera, which was in- NS TAL A DON &

stalled within a simulated
missile body, viewed back
into the parachute canopy
to film the parachute mo-
tions during two high-speed tests. This was a Fairchild camera
operated at a film speed of 400 to 500 frames per second.

Figure 1. Test Installations - Lewis
Unitary Plan Wind Tunnel

2. Rigid Parachute Models (lLangley Test Program)

The continuation of the test program at Langley was the result
of a need to consider the effects of flexibility and flow ficlds on the
canopy more fully. Accordingly, a small-scale, stainless gteel
canopy was designed and constructed for use in the 4 ft x 4 ft Unitary
Plan Wind Tunnel at Langley.

The parachute configuration selected for testing 1n the wind
tunnel at Langley was that configuration which exhibited the best per-
formance during the test program at Lewis. This was a 24 gore, 20
percent porosity FIST ribbon parachute. The wind tunnel model was
approximately a 1/4 scale rigid version of the fabric parachute. It
was constructed of stainless steel to specifications that simulated as
closely as possible the configuration of the full-scale fabric para-
chute. Geometric porosity was attained by appropriate perforation
of the canopy. Twenty-four 1/8 inch steel rods, which were utilized
to simulate suspension lines, were detachable from the canopy skirt
so that changes in suspension line length could be easily made.

Information pertinent to the details of the model design and

stress analysis is presented in Appendices II and [II, respectively.
Typical gore layouts which show the locatiun and geometry of the

WADC TR 58-532 5
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slot cutouts are given in Figure 12, Figures 13 and 15 show the test
configurations and illustrate the suspension line length variations
which were employed.

The model was mounted in the tunnel test section by means of a
sting attached to the crown of the canopy as can be seen in the shock
photographs presented in Figures 7, 8, or 9. Since flow visualization
by means of Schlieren high-speed movies was the ultimate purpose,
no balance for obtaining force and moment data was used during these
tests. It was felt that efforts to stabilize the flow and minimize the
flow fluctuations should be pursued to the utmost before any force
measurements were attempted.

WADC TR 58-532 6
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SECTION 1l
DISCUSSION OF TEST RESULTS

A, Fabric Parachute Models (Lewss Test Program)

l. Prelimirary Test Program

The purpose of the preliminary testing phase was to attempt to
establish criteria upon which the designs of the final test parachutes
could be based. In addition, this phase of the progria.n furnished wind
tunnel personnel with some idea of the performance characteristics
which could be expected from wind tunnel tests of parachutes.,

The results of preliminary testing are briefly summarized in the

following paragraphs.

Film records for FIST ribbon type parachutes 469, 472 and 473
(sve Table 1 for parachute geometry and Appendix I for design detarls)

indicated that porosity variations produced little noticeable improve-
All three speciumens experienced

ment 1n parachute performance.
In each

failure due to oscillation of horizontal ribbons necar the skirt.

case, the skirt was "breathing’ severely at a rate in the order of 50
A comparison of ribbon parachutes 469 and 472 revealed

to 60 cycles.
“effect in terms of over-all

nothing significant in the way of 'scale’
canopy characteristics.

A Guide Suriace Ribless parachute {No. £20) failed at the slots
after only a few seconds of operation. Progressive canopy failure

followed.

Tests of parachutes 490, 492, and 493 failed to show noticeable
improvement in the oscillation and pulsing tendencies with changes 1in
skirt porosity and in ribbon spacing. Structural improvements were
achieved, however, because of these changes.

A ribbon parachute with variable porosity (No. 493) was de -
signed with 1/2 inch rather than | inch wide suspension lines with the
expectation of obtaining an indication of the over-all disturbance
caused by shock waves from the individual lines stretched out ahead of

the canopy.

WADC TR 58-532 7
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Parachute 495 was designed 29 a 1/2 scale version of the most
successful ribbon parachute developed during a sled test program at
Edwards Air Force Base, California. It was a 16 gore, half-scale
veraion of the Type 124 parachute (Reference 1), Geometric scaling
was carried out in all details. This parachute, with an increascd
number of gores, demonstrated some reduction in the oscillation and
pulsing tendencies seen with parachutes 490, 492, and 493.

Parachute 496 proved to be quite stable for a period of 5 seconds
at which time the roof of the canopy failedl.

2 Final Test Program

a. Test Results

Parachutes used in the final phase at the Lewis facility in-
corporated such changes and/or improvements as were indicated
by the preliminary test program. These narachutes along with
some of their geometric characteristics are tabulated in Table 1.
Design details are presented in Appendix I.

Sufficient test parachutes were available so that the effects
of variations in Mach number, number of gores, and porosity
could be investigated. Ribbon parachutes with 16 and 24 gores
and porosities varying from 5 to 30 percent were utilized. A
variable porosity canopy (sce Table 1) incorporating high porosity
at the crown and zero pcorosity at the skiil was i1nciluded as one of
the test parachutes. This was because during the preliminary
test phase a large number of failures occurred in the horizontal
ribbons near the skirt. It was suspected that this might be the
result of normal shock movement or buzzing in and out of the
mouth of the canopy. It was anticipated that varying the porosity
distribution over the canopy might reduce buzzing effects.

Guide Surface Ribless type parachutes tested at the Lewis
facility differed mainly in amount of slot opening. In the pre-
liminary phase at Lewis, two Guide Surface Ribless parachutes
with no slots and 10 percent slots, respcctively, were tested.
During the final phase at Lewis, ‘an additonal 20 percent slot
Guide Surface parachute was tested. In all cases, the parachutes
failed at the slots after only a few seconds of operation indicating
that the structural properties of this type of parachute were such
as to prohibit its use for reasonably desirable testing periods.

WADC TR 58-532 8
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Tents of the fabric parachutes during the final phase at the
Liewis facihity indicated that with the exception of Mach number

effects, no discernible effects of porosity and number of gores

could be ascertained.  All tests indicated severe fluctuations in

the air flow ahcad of a parachute canopy and attendant erratic
behavior of the canopy and its drag producing capability.

The phenomena observed during the test program at Lewrs
indicated the presence of a fluctuating shock pattern ahead of the
canopy with a normal shock oscillating between a point adjacent
to the parachute skirt and a position somewhat vpstream of the
canopy. In addition to the normal shock a conical shock was
observed which appeared to originate at the point of confluence

of the suspension hines. This point of origination at the con-
fluence point could not be confirmed,however, because of the

restricted field of view afforded by the Schlieren window

The fluctuation of the shock pattern could he correlated to
some degree, with the large magnitude "breathing action’ of the
parachute canopy with inflation varying from 70 percent of nor-
mal inflated diameter to as hittle as 30 percent of inflated diame-
ter. Typical film sequences, shown in Figures 2 and 3, 1llustrate
the "breathing " or pulsation cycles of four FIST ribbon para-
chutes as tested at a Mach number of 3.5 during the Lewis wind
tunnel program. Parachute inflation and drag characteristics
are discussed in greater detail later 1in this report. In addition
to this erratic inflation behavior, a parachute was observed to
oscillate with the uscillations becoming more violent as ribbons

failed.

The phenuomena descrihed above were observed at all
Mach numbers but were especially pronounced at the highest
test Mach number of 3.5, Somewhat less violent action was in-

dicated at a Mach number of 2. 0.

Two factors, acting either independently or simultanecously,
were believed to be responsible for the erratic behavior de-

scribed above. These were:

(1 The flexibihity of conventional parachute materials
and structure, which permitted the excessive pulsation of

the canopy and lines

(2) The "shock tickler” effect (References 3 through 6)
duce to the orientation of the suspension lines and their

WADC TR 58-532 9
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Parachute S/N 508M
Diameter 3. 66 ft
Porosity 19.2 Percent

Figure 2.

WADC TR 58-532
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13

Pulsation Cycles of 24 Gare FIST Rihbon Parachutes
in Wind Tunnel Tests at M = 3.5 (q = 315 psf)

Parachute S/N 509M
Diameter 3. 66 ft
Porosity 10. 12 Percent



5 3

7 4

9 5

11 6

13 7
Parachute S/N 505M Parachute S/N 506M
Diameter 4 ft Diameter 1.92 ft
Porosity 29.4 Percent Porosity 5.6 Percent

Figure 3. Pulsation Cycles of 16 Gore FIST Ribbhon Parachutes
in Wind Tunnel Tests at M = 3.5 (_q =319 pb‘ﬂ
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confluence point upstream of the canopy, which occurs in
supersonic flow and tends to place the canopy in a low ener-
gy, highly turbulent flow region. For a particular configu-
ration, th:s action may lead ‘o scvere reduction of the para-
chute drag-producing capability. Thie factor and its possi-
ble influence on parachute dreg are discussed in Appendix

IV of this report.

It was apparent that the interaction of these two phenomena
was complicated and would tend to obscure the configuration
characteristics responsible for the observed behavior. Dynamic
effects due to the pulsation tendency of the canopy complicated
the situation 80 much that the pressure system which caused the
e rratic behavior was altered beyond recognition.

b. Parachute Inflation and Drag Characteristics

Film records of the final tests at the Lewis Research Cen-
ter indicated that all parachutes tested at a Mach number of 3.5
exhibited rather poor inflation characteristics. The degree of
inflation of any test parachute at any time during a test run was
difficult to ascertain from the films because of the constant
pulsing or breathing action that each parachute experienced
during its run. Figures 2 and 3 give some indication of the pul-
gsation cycles of varions ribbon test parachutes. It was estimated
that the maximum inflation of any ribbon parachute at any time
was never greater than about 70 percent of the maximum inflated

diameter.

The poor inflation characteristics were fiurther corroborat-
ed by the low magnitudes of the recorded drag values provided
such values can be trcated as absolute values. The validity of
these data must be reg2rded with some suspicion, however, be-
cause of difficulties encountered in the response of the measur-~
ing system and in the interpretation of the scatter which was
present in the Brush records. Although the accuracy of the drag
data as shown in Table 2 is questionable, it is believed that such
'ata are sufficiently reliable to warrant the following discussion

and/or analysis.

An attempt has been made to correlate the drag coefficients
of various ribbon test parachutes with that obtained from a theo-
retical expression derived in Referernce 2. The expression from
Reference 2 for the fore drag of a ribbon parachute in dimension-
less form and as a function of the inflated area is given by

WADC TR 58-532 12
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TABLE 2
DRAG DATA FROM LLEWIS WIND IUNNEL TESTS
(q =315 paf)
r Geometric ﬂ W_Dr;g
Test Porosity Arca Cocfficient
Run Parachute (% Total (flz) Madh Drag (Based on In-
No. No. Arca) Constructed Inflated No.  (Ib) flated Area)
! 513 19.2 10. 5 4. 67 3.5 135 { 0.296
2 514 19.2 10.5 4.67 3.5 500 0.340
508 19.2 10.5 H167 3.5 450 0.306
4 511 19.2 10.5 4. 067 2.5 650 0. 442
512 19.2 10.5 4. 67 2.0 900 0.612
6 507 Variable 10.5 4.67 3.5 350 0.238
crown-20.0
skirt-0
l 505 29.4 12.6 5. 350 0 194
8 506 5.6 L2 .| 5. 40 U. 497
9 509 10.12 10.5 4. 500 0. 340
|
10 510 20% slots ] 8.32 | B 550 0.210 J
pt
e )5y AR
where
CDN = fore drag coefficient
K2 = shape factor = 0.96 (considering a ribbon ;g a two-
' dimensional flat plate)
pt, : :
—— = stagnation pressure after normal shock in terms of
Po free stream static pressure
Y = specific heat ratio = 1.4 (for air)
M = Mach number

WADC TR 58-532 13
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o )
parachute solidity factor (l o M= Iﬁ;;)oauy )

0'R =z

A

XL = ratio of inflated area to constructed area - 4/9 for
0 PIST ribbon parachute

The base drag coefficient of the parachute is given from
Reference 2 by

c .2 ( PB) . 0.83

since Reference 2 shows results which indicate an average pres-
sure ratio (P /Pm ) value of 0.42 is satisfactory for use over a
wide range of supersonic velocities.

Thus, by the use of the above fore and base drag expres-
sions, it has been possible to calculate the totai drag coefficients
of four ribbon parachutes of different porosity and at Mach num-
bers for which experimental data were obtained from the Lewis
tests. A comparison of these theoretical and experimental
values is shown in Figure 4. This figure shows that the agree-
ment between theory and
experiment is fair at the

[¢] Ng + Y&&rT Ag * 192 % 24 COMY (PARADI®ITES SOR % B Y2
lower Mach numbers where e R (e 3aGEYe Sl o
9 o' 0O 04039207 Ly 58% 18 COM (PARAMYTT 0%)
”’IQ experlmental vaJuc 15 O Dy« ST, Ay 1012% 24 CORE (PARACHUTE 309
approximately 80 percent LAGGID STWBOLS MPACSINT PONTS CALCUA ATIO
of the theoretical. This ] ] , |
agreement varies with ¥ o L I j gy
o B |

Mach number until at Mach
3.5 the experimental value
is only 33 percent of the

theoretical. These com- A S . 38

: | T
i o8 —‘gi —_— e — 3 4 i

[FLLE
T
|
I 1
/
|
o]

parisons have been based : '"”‘%-h_%__‘gl

on the expected full infla- 2 .
tion areas of the para- e ! "
chutes; however, on the J _'l__'_dl" f [ }
basis of a maximum in- % ¥ a0 74 1a i W
flation of only 70 percent i
epysagliecningnt. Sush b Figure 4. Comparison of Experi-
discussed above must be mental and The o Hetical
assumed to be entirely Drag Coefficients
fortuitous. (q = 315 psf)
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Although some doubt exists with regard to the experumen-
tal drag values obtained during the Cleveland tests, enough
evidence 1n the form of motion pictures exints to indicate that
the inflatton characteriatics of the test parachutes at supersoni
speeds were extremely poor. Thus, the parachutes were not
developing therr full drag potential. Further discussion of a
possible cause for the reduced drag and inflaton characteris-
tics 18 given in Appendix IV where a comparative analysis of
the parachute case with a blunt body - nose spike configuration

18 considered.

The reduced drag and inflation problems encountered 1in
the Lewis wind tunnel program were also observed in extensaive
supersonic flight tests as reported 1n Reference 7. This refer-
ence (Reference 7) refers to recovery tests of a supersonic
flight test vehicle wherein various test parachutes were utilized
as the first or braking stage of a vehicle recovery system.
These first stage test parachutes were conical and shaped rib-
bon parachutes, which were deployed at speeds up to a Mach
number of 2.7 at altitudes from 16,000 to 23,000 feet Iun addr-
tion to reduced drag and poor inflation, these test parachutes
exhibited many of the undesirable characteristics which were
observed in the Lewis wind tunncl. Among these were: fre-
quent failures of shroud lines at loadings from 1/4 to 1/3 of
allowable load; and numerous 1nstances of skirt ribbon failure
and flutter.

3. Test Program Continuation

Although the results of the test program in the NASA facility at
Cleveland were negative with respect to achievement of a satisfactory
parachute configuration, the results served to cstablish the approach
which should be taken in future work. These results indicated that
the effects of flexibility on the flow characteristics could be consid-
ered more fully by isolating the effects of elasticity. This could be
accomplished by utilization of a rigid model in a continuation of the
program in a suitable supersonic wind tunnel. Some of the variables
which would be considered in a new or continued program would be
suspension line length, confluence point incation and the apex angle
at the confluence point. Accordingly, arrangements for a test pro-
gram in the Unitary Plan Wind Tunnel at the Langley Research Center
of the NASA were finalized.

WADC TR 58-532 15
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Rigid Parachute Models

l. General

Renults of the test program in the Langley Rescarch Center
Unitary Tunnel were obtained yn the form of visual and film observa-
tions of the flow patterns about the canopy. Consequently, the follow-
ing will be himited to a presentation and discussion of these observa-
tions as they pertain to parucular configurations. A general tabula-
tion of these obscervations or results 1s given in Table 3. The configu-
rations tested during this program differed mainly in suspension line

length as follows:

(1) Canopy alone ( //DO = 0)

(2) Canopy plus short suspension line system ( /7D0 = 1.0)
(3) Canopy plus long suspension line system ( [/Do = 2.0).

The //DO values shown above refer to the suspension line length
normal to the canopy skirt in terms of the constructed diameter (12
inches) of the parachute model. The variations listed above are illus-
trated 1in Figure 15,

2B Canopy Alone | l?Do = 0)

Tests of the canopy-alone configuration at Mach numbers of 2.3,
2.98, 3.5, and 3.71 indicated that, in 2all cascs, the flow through the
canopy was choked and spilling over as shown in parts of Figures 5 and
6. Two shock formations may be observed from these figures. One
was usual and the other had a blister effect as shown in Figures 8 and
9. Enlargements of typical frames from the high-speed Schlieren
movie film as seen in Figure 5 illustrate the variations in flow char-
acteristics with Mach number which were seen during tests of the 20
percent porosity, canopy-alone configuration.

Parts (a) and (b) of Figure 5 in particular, exemplify the in-
consistencies in flow pattern which were observed many times during
this test program. The patterns seen were all obtained from the
same test run of the 20 percent porosity canopy at a Mach number of
2.30. There was no change in the model or tunnel characteristics,
and yet two distinct variations in the appearance of the shock pattern
were evident. One explanation for the above considers that the shock
pattern ahead of the canopy was alternating between the two pattcrns
shiown in parts (a) and (b) of Figure 5. It is believed that this

WADC TR 58-532 16
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TABLE )

RESULTS OF WIND TUNNEL TESTS IN UNITARY PLLAN WIND TUNNEL AT
THE LANGLEY RESEARCH CENTER, LANGLEY FIELD, VIRCINIA

[ T Dynami . AnT,’Tle {
Piensure Attach
Test Configuration Mach No (psh {degree) Flow Characteristios
20% Porosity Canopy 2.130 200 0 Unst~ady - changed from
without Liines unsyn metrical bulging
shock front to ~ymmetn
cal shock front during te ot
2.98 200 0 Steady
|
3 50 200 0 Unsteady
371 200 0 Steady
24% Porosity Canopy 3. 00 200 0 Unsteady - Unsymmetrioal
without Lines bulging shock front
3. 04 200 0 Steady
3.35 150 1.0 Unsteady - unsymmetrical
bulging snhock front
3.60 125 0 St eady
3.60 150 0 Unsteady - unsymmetrical
bulging shock front
3.70 140 0 Steady
3.90 115 0 Steady
I 3.90 15 4.0 Steady
1.:0% Porosity Canopy I.57 200 0 Unsteady
plus Short Suspension 1.87 200 0 Unsteady
Lane System (lt/D =1 0)
g 2.16 200 0 Unsteady
2.30 200 0 Unsteady
2.98 200 0 Unsteady
3.71 200 0 Unsteady
20% Porosity Canopy 3.20 100 0 Unsteady but improvement
Plus Long Suspension over previous configurations
L.ine System (l/Do = 2.0)
3.71 200 0 Unsteady but improvement
over pravious configurations
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M = 2.30 (Camera Speed - {b) M =2,30(Camera Spced -
2160 framen per second) 2160 frames per second)

(d)

Figure 5.

WADC TR

M .50 (Camera Speed - {e) M = 3,71 {Camera Speed -
1920 trames per second) TROO frames per wecond)

Shock Pattern Photographs - 20 Percent Porosity Canopy
without Lines (q = 200 psf) (a = 0%)
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(e) M =3.60(q =150 psf) (a = 0°) () M =3.70(q = 140 psf) (a = 0°)
(Camera Speed - 2280 frames {Camera Speed - 1800 frames
per second) per second)

(g} M =3.90(q =115 psf} {a = 09) (h) M =3.90(q =115 psf) (a = 4°
(Camera Speed - 1860 frames (Camera Speed - 1860 frames
per second) per second)

Figure 6 (cont'd). Shock Pattern Photograph - 24 Percent Porosity Canopy without Lines
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alternating nhock pattern at a particular Mach number 18 the ren 1t

of rotation of the bulging whock front (part (a) of Figure 5) about the
canopy. Conscquenty, the high-speed movie came ra. which only
shows the two dimensions in 1t3 plane of projection, was taking ptc-
tures of a rotary action o that two distinct variations in pattern were

visible on the film.

Most of the canopy-alone tests of the 20 percent poros=ity model
exhibited rather violent rotary motion within the canopy. This mouon
was particularly noticeable during the test ata Mach number of 23,

A great deal of canopy breathing or puls:ng was also seen at this Mach

number.

Shock pattern discontinuities and unstable flow characteristics,
such as observed in these tests of the 20 percent porosity canopy-

alone configuration, were also observed in preliminary wind tunnel

tests of a 20 percent porosity, 2.5 1inch inflated diameter, ribbon
parachute canopy at a Mach number of 4.93 (Reference 8). The model
of Reference 8 was constructed of stainless steel and was stng-
mounted 1n the test section 1n a manner similar to that of the present
tests. A comparison of the characteristics observed in the current
program with those of Reference 8 indicates that the effects of scale

or Reynolds number were insignificant.

In order to reduce the effects of choking, the number of slots
in the canopy was increased. This was done by removing one complete
ribbon (fifth up from the skirt) and symmetrical portions of the eighth
ribbon. Tunnel time limitations prevented the complete removal of
this eighth ribbon. Figure 13 shows this modified canopy as well as
the original 20 percent porosity canopy as it was prior to modifica-
tion. Differences between the gore layouts of the modified and un-

modified canopies can he seen in Figure 12.

The additional open area created by the above increased the
geometric porosity about 4 percent to give a total porosity of approxi-
mately 24 percent. This increase in porosity w2s apparently not
significant enough to cause a marked improvement in the flow charac-
terigtics but it tended to stop the apparent internal rotary motion
which was witnessed for the 20 percent porosity canopy-.

The above indicates that the amount of porosity required to
achieve stable flow conditions could not be achieved without an exten-
sive test program. Some theoretical knowledge of the porosity re-
quired can be obtained, however, by assuming sonic velocity or
Mach 1.0 flow exists in the slots behind the normal shock at the

WADC TR 58-532 21
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canopy skirt and calculanng the critical arca ration at which choking
occurs. The method and nample calculations for determining the
porosity required to yield a zero spillover condition are shown in
Appendix V. A curve of this calculated porosity as a fun tion of Mach

nummber 1w shown in Figure 19

The 24 percent porosity canopy-alone configuration was tested
at Mach numbers of 3 0, 3.04, 3.35, 3. ¢, 3.7, and 3.9. The photo-
graphs shown in Figure 6 indicate that the variations in shock pattern
which were observed were completely haphazard and impossible to
correlate. However, once a particular flow condition was established,
it remained 30 for a period of time and was completely independent of
Mach number, dynamic pressure, and even angle of attach. It s sus-
pected however that, in the casc of a flexible canopy, i1nteraction «f{fects
would cause fluctuations of the established flow condition.

3. Canopy Plus Short Suspension Line System ( [/DO = 1.0)

Prior to modification from 20 percent to 24 percent porosity,
the canopy was tested in conjunction with both //DO = 1.0 and //DO z
2.0 suspension line systems. Tests on the canopy plus short lines
( [/D = 1.0) were conducted at six Mach numbers varying from 1.57
to 3.91. Figure 7, which is composed of enlargements of typical
frames from high-speed Schlieren movies, indicates considerable

whipping motion of both the bow wave and normal shock.

There was little noticeable difference in the performance of
the model at Mach numbers of 1.57, 1.87, and 2.16. The flow was
generally unsteady at all of these Mach numbers. Since a Mach
number of 1.57 is the lowest which can be obtained in the Unitary
Tunnel at Langley, it was impossible to determine any effects at Mach
numbers less than 1.57. Parts (a), (b) and (¢) of Figure 7 show the
variations in the appearance of the bow shock at Mach numbers of
1.57, 1.87, and 2.16, respectively. Typical three-frame sequences
as shown in the figure give some indication of the fluctuation and dis-
tortion tendencies which were observed during this series of tests.
Fluctuation or distortion of the bow wave during the M = 1.57 to 2. 16
series of tests was occurring at a rate of approximately 350 cps.
This rapid distortion action of the bow wave was apparently caused
by the tendency of the normal or secondary shock to detach from the
skirt of the canopy and move upstream, thus distorting the bow wave.

A 1 degree angle of attack at a Mach number of 2.16 had little
effect on the unsteady flow characteristics of the model.
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(a) Sequence of Three Consecutive Frames Showing Variation {n Appearance of
Bow Shock at M = 1.57 (a 5 0°) (Camera Soead - 1560 frames ner serond)

(b) M =1.87 (a = 0%
(Camera Speed - 1920 frames per second

(b) Cont'd. (b) Cont'd.

Figure 7. Shock Pattern Photographs - 20 Percent Porosity Canopy Plus
=1.0) (q = 200 psf)

Short Suspension Line System ( £ /Dg
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(¢} Sequence of Three Consecutive Frames Showing Variation in Appearance of
Bow ShockatM = 2.16 (a = 0°) (Camera Speed - 1500 frames per second)

) (c) Cont'd,

(d) M = 2,30 (a = 09)
(Camera Speed - 480 frames per second)

(e}) M

(Carie~a Speed - 960 frames per second)

2.98 (a = 09)

WADC TR 58-532

(f) M =371 (a = 90)
(Camera Speed - 480 frames per second)

Figure 7 (cont'd). Shock Pattern Photographs - 20 Percent Porosity Canopy

Plus Short Suspension Line System ( { /D, = 1.0)
{q = 200 psf)

24



Seandar avtion to that discassed above sas sndio ated on teat i

the model at Mach nambers of 2 30, 2 98, and 1.7 Pares td), ()

and (1) of Fipgare 7 are typical of the shook patterns at theae Maoh

nammbie ra,

The mmflaenc e o the shock wave fTactuation and distortian e

dencies, as seen for this confipguration (Fagare ) is constdered o 1)

e TS

explanatory discassion of the redaced drag and inflation hara

ties givoenan Appendix IV
4. Canopy Plus Long Suspension Liine System ( / l)' =)

Tests of this contigarat.on were condacted at Mach nambers o
298 326, and 3.71. Photographs of the shock patterns at Maoh

’
nunbers ol 3 20 and 3.71 are given ain parts (a) and (b)), respectively,

of Fiegure 8. It mav be seen from this figure that tlow conditions were

(b) M =3.71(q =200 psf)
(Camera Speed - 480 frames per second)

(1) M - 3.20(q = 100 psf)
(Camera Speed - 2160 frames per second)

Shock Pattern Photographs - 20 Percent Porosity Canopy Plus

F.gure 8
Long Suspension Line System (.f/DO = 2.0) (a = 09)

somewhat improved over those occurring for previously tested con-
figurations. The fluctuation of the bow shock was relatively insigni-
ficant at Mach numbers of 3.20 and 3.71. However, at M = 3.20, the
normal shock tended to detach from th: canopy skirt, move upstream
and back and then reattach. No such normal shock action was noted
at the 3.71 Mach number since the normal shock seemed to remain
attached to the skirt of the canopy. Considerable suspension line
bending was noted for the M = 3.20 case, but not for the higher Mach

number of 3.71.
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SECTION IV
CONCLUSIONS

The preceding discussion indicates that the problems or factors 1n-
fluencing the performance of parachutes at supersonic speeds are manifold.
Some of the more important of these problems are discussed in the following
paragraphs. In addition, some general remarks regarding considerations
for future test programs are included.

It may be concluded from the Lewis wind tunnel program that the
following factors have been responsible for the results achieved there:

(1) Violent breathing or pulsing

(2) Reduced 1nflation and drag associated with (1) above

(3) Interaction effects due to flow characteristics and canopy
flexibility

(4) Oscillation resulting in failure of materials at relatively low

loading conditions. Material failure was due to fatigue rather than

loading.

Obviously then, in the development of a parachute configuration suit-
able for supersonic operation, effort must be directed toward resolution
of the problems as given above. In this regard the logical approach to be
pursued as a result of the Lewis tests was the one taken in which the effects
of flexibility were canceled by the use of rigid models. This was the recom-
mendation of these Laboratories and the main purpose for instituting the

Langley program.

The results of tests in the wind tunnel at Langley indicated that vari-
ations in the shock patterns were completely haphazard and relatively inde-
pendent of Mach number, dynamic pressure, and angle of attack. In addition,
shock pattern discontinuities and unstable flow characteristics at particular
Mach numbers were observed for most of the test configurations. Informa-
tion reported in Reference 7 relative to the flow characteristics of a 20
percent porosity 2.5 inch canopy-alone configuration tends to substantiate
the occurrence of these discontinuities and unstable flow characteristics.
Further comparison of the characteristics of Reference 7 with the current
program indicated no effects of Reynolds number~.
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Somec knowledge of the porosity required to reduce the nevere hoking

conditions which were 1n evidence was realized by assuming Mach | G flow
in the canopy slots and calculating the critical area ratios which will pive

zero apillover as illustrated in Appendix IV The resultn of these caloila-
Bons are shown in Figure 19 an a function of Mach number Lhe regaired
porosity varies with Mach number from 41 percent at Mach T 5 10 29 5 pey

cent at Mach 4.0.

It should be noted that at all Mach numbers the calculated porosities
arce higher than those normally used in conventional parachute desipgns and
also higher than those used in the parachutes and models tested to date
Hence, no actual test data are presently available and therefore, a futare
test program should be directed towards the examination of parachutes with
very high geometric porosities. In order to obtain an adequate spread i,
the data the best approach would be to construct a series of models with
porosities ranging from 25 to 45 percent.

In order to determine the characteristics of the various models being
tested so that the behavior of actual parachutes can be predicted, 1t will be
necessary to measure pressures at various point inside the canopy. Also,
since full inflation of a parachute results 1n tensile stresses 1n the skirt
ribbons, strain gages should be employed to determine the tension in the
skirt. This information would aid 1n the determination of a parachate con-
figuration which would give a fully inflated condition.

Since the results of this program have indicated the need for further
development work, future wind tunnel test programs (carried on under
Contract No. AF 33(616)-5507) will employ test models with which the effedts
of higher porosity on flow stabilization will be studied. In addition, the
effects of vents and their size, slot vrientation, clustered parachutes, other
parachute types, etc., will be considered in future test programs.
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APPENDIX |

FABRIC PARACHUTE DESIGN

A Introduction

Three gurde sartace ribless parachites and T FIST ribborn pavac b ot s
The sbhectives were (I

atd (2)

were designed for high-speed wind tineel tests
to deter= ne and bracket the parameters whioh viela stabiiaty,

e~tablish the strength ot the materials a1sed,

Past experience 1 the design of high-speed parachates plaved aomaoor
role in selecting proper materials which coadd withstand proessore condit ans

inosapersome flow,

The range of variables and desipgn procedare are oathined herern ton
both tvpes of fabric canop.es ander stady as high Mach drag devico, I

ba-ic u)nfx;_;.xratmns were altered as the test program progress: .
1 Guide surface Ribless Parachates

The three gurde ~urface ribless (Gos R ) parachutes had o
percent vent wrea with 0, 10, and 20 percent slots, respectively
All dimensions of the individual gores were a function o diameter
which varied from 2 07 feet to 3.25 feet. The sospension Lines were

one diameter in length from the skirt to the confluence point

A more detatled hist of materials and gore geometry 1 piven
i Table 4. A typical layout of the roof panel and gurde sartace panel
15 tlusitiratied vn B pui @

Ste tadt 3 fom
PEN el Nt Dol NSIONS

2 FIST Ribbon Para- ymigron or
chutes .
X o 4
/_/’/ i \l 3 |'.I
Perhaps the most im- g e att NS { '-f [

. e B G
portant parameter 1n the de- S ! LN ,
sign of FIST ribbon para- \\\\'““mi / : | 8
chutes 1s the geometric po- - : e 1
rosity. Therefore, accu- . L . =
racv was emphasized when
determining the open arca == S s el
within the boundaries of Figure 9. Panel Layout - Guide Sur-
the canopy. face Ribless Parachuate
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The canopies were constructed with radial, horizontal, and ver

tical ribbons all of which were considered impervioas and a-sunied to

have zero material porosity

Ywo types of FIST rmibbon parachutes were desipned and tested

The regular canopy had horizontal ribbons equally ~paced from vent to
skirt and was denoted by a single porosity value A typical gore layvo it
1s shown 1n Figure 10. In the modified canopy two valies of equal rib-
The one spacing applied to the crown region from

bon spacing existed.

SEE TaBt 4 +O#
PERTIMENT DiMEPNSIONS

By
b
= ' o F r
— .
3
W—
Figure 10. Typical Gore Layout - FIST Ribbon Parachute
the vent radius to approximately two-thirds the diameter. The second

spacing applicd to the skirt area from two-thirds the diameter to the
base of the gore. The porosity of the skirt and crown were calculated
by treating the whole parachute as two individual canopies. A typical
modified gore layout is illustrated in Figure 11

The geometric porosity, number of gores, flat diameter, mate -
rials, etc., are histed in Table 5 for all FIST ribbon parachutes de-

signed for the test program.
Although the following example applies to the 24 gore, 3.66 foot

diameter FIST ribbon parachute, the same method and formulas were
used to estimate the geometric porosity of all the FIST canopies.
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— SCC tapet a ron
PERTINCYMT QMg 550N

S - Y ————

\

- et - £QuaL RigBON
FQUAL RIBBON . SPACING FOR
SPACING FOR - 70 180 CROWN b
e : —--(? Rv)cos—n—.%_ g -
Figure 11. Typical Gore Layout - FIST Ribbon Parachute
Initially, the materials were selected, the number of gores were
established, and the diameter was tentatively fixed. The desired geo-
metric porosity, Ag , wvas 19 percent of the total flat area.
The flat area of the canopy is
2
o 180 180
Se = —2 (sin——) (cos ) = 1502 in®
4 n
where
D, = flat diameter of canopy = 3.66 ft
n = number of gores = 24
As a general rule the open area at the vent, s, is | percent of
the flat area. Or
E E e -
s = 0.01 5 = 15.02in
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The vent radiys, Ry, required to yteld the 15,02 10 of open
area is

' e m—em o
0.5 Moy 0.01s,
Rv fTTT——— = 413 .
180 180
1IN —— oy —=— n (mn.w_o) (cos ’—&-)
n n n

In this case, W

VVI 1s the width of the continuous suspension line cros-s -

ing the vent,

The spacing between horizontal ribbons,
terms of desired geometric porosity, Ag.
WHR’ and vertical ribbon width, W

bl' 18 approximated 1n
horizontal ribbon width,

VT

YR

b] E = 0.600
100a

(WyT ta) (hg+K)

A4 = spacing between vertical ribbons = 1.5 p,

=~
i

scale factor for small canopies = 8,3

The number, m, of horizont:

1 ribbons which wil] fit in the space
between the vent and skirt ig

D
(7‘1 - Ry)cos 180 b,
mo 7 T & = 1l (nearest whole integer)
HR 1
The

actual equal spacing of the 11 horizontal ribbons is

D
| o) 180 )
i B :;Tf[( > - RV,\, cos - - m WHR} = 0.668 in.
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The areca sum of geometric opetiings Detween horzontad

A .
Y
tibbons (neglecting the arca blocked by vertical tapesj s

A l 1 {; D, | I8¢ MLCON T
) ] ) o 5 ol D I
A S m | m I.( {V 2 i n 180 J

I B
L

r

The open area blocked by vertical tapes, AH\' 15 the prodact ot

the horizontal ribbon spacing, b, and the verucal tape width, wV'l .
times the number of blocking elements, .
A = gb W =111.0 -
By ~ 8P Ty 2PN

Finally, the geometric porosity 1=

)\g s (s ¢+ A - A ) = = 14,2 percent

The porosity may be refined to any exact value by adjusting the
diameter and ribbon spacing. In some cases the width of the radial
ribbon was reduced yielding as much as 8 percent more open area.
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APPENDIX NI

RIGID PARACHUTE MODEL DESIGN

The model wan designed (o nimulate a parachute with an inflated FIST
Ribbon type canopy. Every attempt was made to achiceve a realistic replica
with no deviations except where strength of fabrication requirements neces-
sitated at.

Originally 1t was spectified that the canopy of the model be designed <o
that the porosity could be varied automatically from controls located ot ide
the test section of the wind tunnel. However, acrodynarmic limitations on the
geometry of any system that might be used to accomplish this, so compl:cat-
cc the design that this feature was eliminated. It was then decided to pattern
the canopy after a 3.66 foot diameter, FIST ribbon canopy composed of
twenty-four | inch radial ribbons and eleven | 1nch horizontal ribbons spaced
to provide a porosity of 20 percent. A typical gore layout1s shown in Figure

12,

The canopy was made from a
stainless steel spinming 1a 'vh.ch a pat-
tern of rectangular slots was cut to
form the ribbons (see Figure 13). The
vertical ribbons, normally found on all |
FIST type canopies, were omitted to e ®)
facilitate fabrication. The vent area of
apex of the canopy was left solid so thut = D
the canopy could be attached to the wind (@)
tunnel sting. The contour of the canopy - )
was that formed by the gore centerlines
of a solid, flat, circular type parachute — D
canopy. The construction details, ()
shown i Flgur'c 14, were based on in- — —
formation obtained from Reference 9.

: — =)

Three separvate sets of 1/8 inch —) —)
diameter suspension lines were designed
for the model. Each set of lines wasgof — —
a different length but was otherwise iden- ] N ——

tical in every detail. This was done to
permit an investigation of the effects of Figure 12. Typical Canopy Gore

suspension line length on the aerodynam- Layouts Showing De-
ics of the model. Particular care was tails of the Slots
WADC TR 58-532 38



BEFORE MODIFICATION
POROSITY-20%

AFTER MOMIF CATION
POROSITY 24°,

Figure 13 Canopy Configarations Before and Atter Modif:c ation

taken to design suspension line
attachments that were aerody-
namically clean and would per-
m:t the hnes to be easily at-
tached to the canopy. The at-
tac hment at the confluence
point of the lines also contained
a feature which would permat
the geometry of 1ts apex to be
e hanged. Whilg the glcvis at-
tachment (refer to Figure 15),
used at the canopy end of the
lines, was not quite satisfac-
tory from an aerodynamic
standpoint, its size was dic-
tated by strength require -
ments.

The model was built to a
scale of 1 to 3.66. This scale
was used since it provided the
largest model that could be
conveniently accommodated in
the high-speed test section of
the Liangley wind tunnel.
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APPENDIX 11
STRESS ANALYSIS OF AN B INCH DIAMETER RIGID PARACHU I'EE MO DEL.

This analysts covers the strength of a rigid parachute model under
}
room temperatire conditions and a dynamic pressure of 100 b/t While
the entire structure ot the model has been thoroughly examined, this analy -

sis reports only on the more c¢ritical components.

[t 18 believed that the methods used 1in this analysis are obvious with
the possible exception of the calculation of the discontinuity stresses an the
canopy. A complete discussion o1 the method used to calculate these
stresses can be found in Reference 10.

. D
While this analysis was based on a dynamic pressure of 100 I1b/1t= the
conservative techniques used 1n calculating both the stresses and the acro-
dynamic loads make 1t possible to safely test up to a dynamic pressure of

206 1b/f12.

A Sting Adapter Components

CANOPY

s~ CANOPY - STING BOLT
PT. NO. 597-4884

Of the various sting adapter components, the canopy-sting bolt
developed the more critical stresses. Below is a free body of this

component.
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\ = 2181n./1b
A = 33 |b

q = 22 b

- 2 10,67 6.

Canopy-Sting Bolt Material - AISI 4130 Steel
Yield Strength - 52000 Ib/1n?

The stress developed by the horizontal and vertical forces H and
V is not significant and can be ignored. By assuming that the moment
M develops pure bending in the bolt, which is not strictly true, but 1t
18 conservative to do so; the maximum stress was found from the

expression

M
ogh = —
Z
where
ob = maximum fiber stress
M - bending moment
7. = section modulus

Calculations:

= el 7500 1b/in”
ob = 0.029 ~ b/in

Safety factor = 52000 - ¢ g
7500
WADC TR 58-532 42
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B. Canopz

Of all the canopies considered for testing, the canopy with a gore
design as shown below wan found 10 be the most « ritie al

Critical Gore Configuration

This gore is formed from 24 radial ribbons with only one horizontal
nbbon located at the mouth or skirt of the anopy

t H - 0.4]1 1b

4.6 1n-1b/1n.
| o = W67 1b/im
_*; M - 10.4 in-1b/in
Y —H Vv,  41b/in.
p - 100 lb/ftd
t 0.093 1n

Free Body of the Horizontal Ribban

Canopy Material - 302 Stainless Steel Yield Strength - 80, 0600 lb/mZ
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ST 8 b2 T

H = 0.4l 1b
M, = 1lin/lb
v‘: = "c3 lb §
2
p = 100 1b/MNt
t = 0.093 in. i
R = 4.n. H

Free Body of the Radial Ribbon

Canopy Material - 302 Stainless Steel Yield Strength - 80, 000 lb/mZ

The magnitudes of the moments and forces shown above were
obtained from a consideration of the deflection and rotation of the
canopy ribbons and the 24 riser liners. To calculate these quantities
the horizontal ribbon was treated as a short cvlinder and the radial
ribbons were considered as thin curved cantilever beams. The 24
riser lines were assumed to be simply supported beams with an edge
moment at the canopy end of the lines (see Section C).

1. Radial Ribbons

The horizontal and vertical forces do not significantly
influence the stress in these ribbons and can be ignored. The
edge moment M, developed a bending stress ob as follows:

AT
Z
where
ob = maximum fiber stress
M, = edge moment
Z = section modulus
WADC TR 58-532 44
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Calcalation

N ___l_l___ . &’)’,‘S()(;lb/m‘Z

0.0004
9 o 80000
Safety Factor 35500

Ignoring the influence of the riser hines and the horizonta’
ribbon, the maximum Hber stress in the radials due to the

pressure p 1s given by

g : pR__(1+§’_5)
t t

where
= maximum normal stress

o

p = pressure

R = ribbon radius
t

= matertal thickness

Calculation.
)

4 b (4) 2670 1 -
g= 0.694 Iy =17 75 hoin
(0.094)( 0 094 )
Safety Factor = 8UBLG g #
7570
2n Horizontal Ribbon

Assuming that the horizontal ribbon does not bend or twist,
and that cach cross section of the ribbon rotates 1n its own plane
about its centroid, the maximum normal stress can be found

fiom the following ¢xpression:

_ R W ] R , R
o= = [(Vl - VO) > v My - MO] f_w_ (VI'H(_.) ) L
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where

ag
VA
R
Vl and VO
Ml and M

0
P
w

~—

Calculation:

maximum normal stress
section modulus

ribbon radius

cdge shear/length

edge moment/length

air pressure

ribbon width

ribbon thickness

o= 4 (4-0.67) 2273 4 10.4 6}
0.001164
+ 3(440.67) + 0.694(4)
0.273(0.094) 0.094
ez
o= 22200 1b/in
Safety Factor = '_80000 = 3.6
22200
C. Riser Lines
MC _‘_‘___H-H-H_H""‘“- _.E

CLEVIS
WIS
DIA. = 0.125 in.
M, = 4.87 in/lb
W = 1.531b

RISER LINE

Free Body Diagram of the Riser Lines

Riser Line Material - 440-F Stainless Steel Yield Strength - 100G, 000 1b/in?

WADC TR 58-532
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The total load W was found by assuming that the pressure dis-
tribution along the length of the hine was uniform. The edge moment
M was obtained by using the technique described in Section B, The
maximum bending stress at any section can then be found from the

following equation:

- maximum bending stress

Tb
Z = section modulus
w = total load
Mc = end moment from the canoupy

total line length

*s
1"

X = distance to any section
Calculation:
The maximum stress was found at X = 0.5

- ¢ 5
L b [ .53 (g5.0.25, 4 g7 (- -~—~ﬂ
gb 0.0001918 2 21 21

21600 1b/in?

1

Ob

100000
Safety Facto = e— =
ARy SREIONT S STEn0
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APPENDIX 1V
EXPLANATION FOR REDUCED DRAG AND INFLATION CHARACTERISTICS

Study and analysis of the reduced drag and poor inflation characteris-
tics exhibited in these programs have resulted in the explanatory discussion
which 18 presented in the following pages.

A possible explanation for the occurrence of reduced drag on the para-
chute in supersonic flow considers that the parachute acts similar to a blunt
body with a nose spike mounted ahead of it. The NACA has conducted several
programs wherein blunt bodies with attached nose spikes have been tested to
investigate means of reducing the drag of supersonic missiles having blunt or
rounded noses. Experimental data have been obtained which show that defi-
nite decreases in drag result from tests of nose spike-blunt body configura-
tions. Obviously, the flow patterns obtained from such tests were affected
by a number of variables such as rod length, cone size, Mach number, and
Reynolds number. Other agencies such as the Ballistic Research Labora-
tories, Aberdeen Proving Ground have conducted similar investigations.

Reference 3 through 6 are reports of some of the tests made by the
NACA and Ballistic Research Laboratory. Reference 5, in particular points
out the effects which may be achieved by placing a small cone on the end of a
rod mounted ahead of the blunt body. Reference 5 explains that the action
which takes place when a small cone is mounted syminetrically on a rod
ahead of a blunt nose involves the replacement ot the strong detached shock
wave of the blunt body by a conical shock wave. Figure 16 shows a sketch
of typical shock wave patterns for the parachute case as obtained from the
Langley test program. This sketch points out the similarity to shock wave
patterns of Reference 5 and also illustrates two variations in shock pattern
which occurred because of fluctuation and distortion of the shock waves at
particular Mach numbers. Shock waves labeled with the number 1 indicate
one variation while the other variation is identified by the number 2. The
influence of these random variaticns in shock pattern upon the drag and in-
flation characteristics is not fully known because drag measurements were
not made during the test program at Langley. It is anticipated, however,
that the effects are such as to cause furthersand varying reductions in the
drag and inflation characteristics of the parachutes. The shock pattern
designated as number 2 in Figure 16 is assumed for the following explana-
tory discussion.
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numseRs (D anp (2) DENOTE
SHOCK WAL ¢ PAYTERNS WHICH
EXISTED FROM TIME TO TIME
DURING TESTS OF METAL CANOPY

MODEL WITH ATTACHED 10 Do LINES

Figure 16. Sketch Showing Two Shock Pattern Variations Occurring at a
Particular Mach Number (Rigid Canopy with 1.0 D, Lines)

As stated previously, the explanation for the reduced drag experienced
by test parachutes in supersonic flow considers that the parachutes acted
similar to blunt bodies with attached cone-tipped rods. The similarity is
realistic because the metal parachute canopy and attached l/Do = 1.0 steel
rod lines chosen for comparative purposes have a conical nose piece which
holds the lires together at the confluence point. In addition, it can be as-
sumed that comparison of the fabric parachutes tested at Lewis with the
blunt body nose spike configurations of Reference 5 is reasonable since the
suspension lines tend to form a small cone whose apex 1s identical with the
confluence point. Thus, a flow separation cone is created ahead of the
parachute which by geometry will permit a reasonable comparison with

models of Reference 5.

The Reynolds number of a blunt body with attached cone-tipped rod
(Reference 5) is generally in fair agreement with those of the test para-
chutes. It is reasonable to assume, therefore, that Reynolds number effects
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on drag are negligible and that the drag coeflicients of Reference 5 are appli-
cable to comparison with the values obtained for the fabric test parachutes.

Before correlation of the drag data of Reference 5 with parachute data
could be attempted, it was necessary to cstablish certain ratios which could
provide a means of establishing mutua! relationships between the configura-
tions of Reference 5 and the test parachutes. The fineness ratio of the cone
or simulated cone in the case of fabric parachutes (lc/dc) and the ratio of the
distanc e between the cone base and body (L/d,) were computed for eight
models of Reference 5, five fabric test paracﬁutcs and the rigid test canopy
with 1.0 D lines. These values have been plotted in Figure 18. Sketches
of typical configurations which show the pertinent dimmensions are also in-

cluded in this figure.

By assuming linear relationships the models of Reference 5 may be
represented as shown in Figure 18 by a family of ""two point' curves with the
cone apex angle as a parameter. It may be seen from Figure 18 that the
points plotted for the parachutes are in good agreement with the Reference 5
curves shown. Further examination of Figure 18 indicates that all ribbon
test parachutes have points which are in good agreement with the a = 40°
curve while the Guide Surface Ribless parachute approaches the 50 degree

curve. This corresponds closely with apex angle calculations based on the

parachute geometry as represented in Figure 17.

The above and Figure 18 indicate
that the comparison of the drag of a rib-
bon test parachute with that of Model 3 of
Reference 5 should be a logical one. Dif-
ferences in the L/d_ ratios of these para-
chutes and Model 3 are relatively small.
The drag coefficients obtained at a Mach
number of 3.5 for four ribbon test para-
chutes with porosities of 10 to 3C percent
varied from 0.20 to 0. 34 based on the
maximum frontal area of the parachutes.
The drag coefficient value of 0.181 given
in Reference 5 for Model 3 is in good
agreement with the lower end of this
range of parachute values but in disa -
greement with the remainder of the oy - KERRITETRD (oA TRhusa e BaRRERuTe! OIAMETER
range. It is expected that several fac- iy austens chiENE WEndTs
tors such as parachute porosity, accu- I gl
racy of wind tunnel drag data, etc., G - BAST DIAMETER OF NOSE CONE
are largely responsible for the dis-
erepancies between test parachute and Figure 17.

f,s g

--!';-l-l—!.mi-;‘- - —

Parachute Geometry
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0
04 0.6 0.8 10 1.2 1.4

L/dp — DISTANCE FROM CONE BASE TO BODY IN TERMS
OF BODY OR PARACHUTE MAXIMUM DIAMETER

NOMENCL ATURE

SKETCH OF CONFIGURATION

SYMBOL ITEM
3.66 FT. 24 GORE RIBBON
<> | PARACHUTE
o o | 3.66 FT. 16 GORE RIBBON
5 PARACHUTE
z © |392FT 16 GORE RiZSON .
24 PARACHUTE
o % o 200 FT 16 GORE RIBBON
Ja PARACHUTE
v | 225 FT.16 GORE GUIDE
SURFACE RIBLESS PARACHUTE
LANGLEY 1.0 FT. RIGID CANOPY WITH
MODEL X | 1.0 Do SUSPENSION LINES
0 A |CONE-TIPPED ROD AND
o BLUNT-BODY CONFIGURATIONS dc g
g i —
" | 0 P
r ¥ ‘ I-— —
l&J jt [

Correlation Ratios for Comparison of Test Parachutes with Cone-

Figure 18.
Tipped Rod and Blunt Body Configurations of Reference 5

Reference 5 data. The Cp value of 0 181 given for Model 3 was approxi-
mately 34 percent of the value obtained for the basic blunt nose of Reference
5. On the basis of the above comparison and depending upon their porosity,
the ribbon test parachutes can be assumed to have developed only about 35

to 60 percent of their full drag potential.
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APPENDIX V
THEORETICAL METHOD OF DETERMINING CANOPY POROSITY

Theoretical knowledge of the porosity required to achieve flow condi-
tions whichyield zero spillover can be obtained by assuming Mach 1.0 flow
through the canopy slots. The method and sample calculation which follows
illustrates the technique by which thc theoretical porosity can be calculated
as a function of Mach number. The following sketch may be used to repre-
sent the flow conditions.

CANOPY SLOTS

NORMAL ONDITION
OB 4 (% CONDITION)
1

FLOW CD @

DIRECTION _l,}‘

Regions (1) and (2) of the sketch refer to conditions ahcad of and behind the
normal shock, respectively, while the symbol (*) refers to conditions at the
throat or, in this case, at the slots in the canopy. The following symbols
are utilized in this calculation:

A = cross-sectional area
V= velocity
P = density
T = temperaiure
M = Mach number
a = speed of sound
Ag = geometric pcrosity

Subscripts 1, 2 or * are used with the above symbols to identify a major
symbol with a particular region in the above sketch.

Since the mass flows through the various regions as indicated in the
sketch must be the same in steady flow, then
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PIAY, = PRAY, = PoAa, (1

Since it is desired to determine the slot area (Ay) required to give Mach
number 1.0 flow through the slots and since

P AV = P*A*a

| 1 1} %

then

Al S Pl Padx
« PV PiMpe

$2)

Since A, = A and A = projected or frontal area (Ap) of the inflated
* sl%s , .
parachute, then kquation {2) can be solved for A, or Agj s in terms of Al

or Ap as follows:

AP Ma,

= YA
% slots =
Py (3)

The geometric porosity (A ) which is the ratio of slot area (Aslot) to the
constructed area of the parachute (Ao) can be obtained as follows. Since for

ribbon type parachutes,

then substitution in Equation (3) for AI gives

A = A =
X slots P xa,
Rearranging
A P a
slots . i( l)(_l_)M1 = X\
Ao 2 P ox 2x g (4)
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The solution of Equation (4) for a particular Mach number (M!) involves
the determination of the ratios P1IP o anda,/a,. This can be done by
utilization of the compressible flow ecquations and tables of Reference 11. An
initial Mach number (M) of 3.0 has been considered in the following example.
Since the pertinent ratios of Equation (4) cannot be obiained directly from
Reference 11, some manipulation is necessary to achieve them. The density
radon P /P , can be obtained from the following cxpression

Py PL P

P.« P2 P x

The reciprocal of the PI/P 2 term can be obtained from Reference 11.

‘ 3.857
Py T
or
Pl 1
o = = 0.258
p,  3.857

The value of PZ/P x €an be obtained in terms of total density ( P+) as
follows:

LT Py,
P * P4
/P*/p_._

From Reference 8 then for M2 = 0.475

P2

— = 0.896

P+
and similarly for M, = a, = 1.0

p*

— = 0.634

P+
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s0 that
Pe 0.806 |, .
p,  0.634 '
therefore
P
ProPL P2 0.258) (1.41) = 0.364
P » P2 Px

A value of the al/a* ratio for a Mach number (Ml) of 3.0 can be

obtained as follows:

womn R /T /T
T, T,

al a2 a) Tl

The T4/T| tcrm is obtained in terms of T, from the expressions

T 1.4 -1
= 2 . 2 )

s (1 + 7-1 M, ) = [l+(-————) (3.0) } = 2.8

T 1 2

i

T - 2 1.4 -1 2

S = (1+_y___ M*) = [1+(___.._...) (1.0) ] = 1.2

Ty 2 2
Therefore

Ty = T+/Tl _ 2.8 _ 2. 33

2N
}

and
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Substitution of the pertinent values of P /P 4 and a)/a, in Equation
(4) and solving gives a porosity value for a Mach number of 3.0

A

a &
\ = slots .4 Pl AL o S (0.364) (0.66)3.0 = 0.32
8 A 9 . O 9

The above calculation shows that a theoretical porosity of 32 percent is
required to achieve zero spillover flow conditions for an initial Mach number
of 3.0. Similar calculations for other Mach numbers have given additional
porosity values which are represented by the curve shown in Figure 19.
Figure 19 shows the variation of calculated geometric porosity with Mach

number for a Mach number range of 1.5 to 4.0.

50

40 '\

30

Ag —GEOMETRIC POROSITY
(% OF CONSTRUCTED AREA)

2.0 30 4.0
MACH NUMBER

The Parachute Geometric Porosity Required for Zero Spillover

Figure 19.
as a Function of Mach Number Assuming Mach 1.0 Flow through

Canopy Slots
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